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This invention relates to an a-olefin polymerization catalyst system, a process for producing an a-olehn 
polymer using the same, a solid catalyst component for an a-olefin polymen2at.on and a process for 
preparing the same. More particularly, it relates to a novel polymerization catalyst system for polymenz.ng 
an a-olefin which has a very high catalytic activity per solid catalyst and P«^.«^'7,«'°'",^^.2. ° ^ 
for producing a highly stereoregular a-olefin polymer which contams l.ttle catalyst residue and little 
Zofphovs ,i,lymer and which has excellent mechanical properties and excellent processabihty using the 

rplotuXTaS-ymer of an a-o,efin such as propylene, t>utene-1 or the .i.e. njs.^n^ 
use a Zieg!e.-NaKa catalyst eonsisUng of a trar.siUon metal compound o. v.roup .o v., ...^ r^,.^^.<. 
Table and an organometallic compound of Groups I to III of the Periodic Table. 

In the production of an «-otefin polymer, amorphous polymers are produced as by-products in addition 
to a highly stereoregular a-olef.n polymer which has a high industrial utilization value. Said amorphous 
polymer is low in industrial utilisation value and adversely affects on the mechanical properties required in 
molding the a-olelin polymer into a molded article, film, fiber, other processings and using the sama AIso^ 
the formation of amorphous polymer brings about the loss of the starting monomers ^"^^^"^^ ^ 
equipment for removing the amorphous polymer. This is very disadvantageous in industry. Ac^r'l.ng^; 
catalyst system for producing an a-olefin polymer is required to produce no or litt e, if any. such amorphous 
polymer. Furthermore, in the a-olefin polymer obtained, there remains a catalyst residue cons.shng of tf^e 
fransition metal compound and the organometallic compound. This catalyst residue causes Problems in 
Sous respects such as stability, processability and the like of the a-olefin polymer, and hence, it becomes 
necessary to provide an equipment for removal of the catalyst residue and slabihzalion of Poly-ner 

The above disadvantage can be overcome by increasing the catalytic activity represented by the weight 
of the a-olefin polymer produced per unit weight of catalyst, whereby the equipment for removing the above 
catalyst residue becomes unnecessary and the cost for producing the a-olefin polymer can be reduced. 

iHs known that when a Ti-Mg complex- type solid catalyst obtained by reducing a tetravalen titanium 
comDound with an organomagnesium compound in the presence of an organosilicon compound to form a 
magne rum-«tanium eu.ectic mixture is used In combination with a <=°«'a'y^V''r"*'t"rvTctrrNahlv 
and an organosilicon compound as the third component used in the P"'^-^""'-:- ^^^^^^^^^^ 
stereo-selective polymerization of an a-olefin can be realized to some extent (see JP-B-3-43.283 and JP A 

^"^Tffese' cases are in such a level that the realization of an extraction-free, deashing-free process is 
possible to some extent: however,' a further improvement has been, desired. Specifically in ^t«/"ake 
L quality of a-olefin polymer higher, it has been desired to realize a higher ^'^'-°=^^<=''r%P°'y"^^^^^^''^^ 
without sacrificing the particle size distribution and the like. In particular, m uses ,n which desired for a 
polymer to have a higher stiffness as in the field of molding, the appearance of a catalyst ►'av.ng a h gh 
stereoregular polymerfzation ability and a good particle size distribution has been earnestly desired because 
a high stereoregularity of the polymer directly results in a high stiffness product. 

An obiect of this invention is to overcome the above disadvantages of the pnor art and to provide an a- 
olefin polymerization catalyst system and a solid catalyst component in '"^.^^'l^'y.^ , '/^'r'ol^^^^^^ 
particle size distribution and so high a catalytic activity and stereospec.fi ty that the removal o< ^^'alyst 
Residue and amorphous polymer becomes unnecessary, and to provide a process for preparing the solid 

""'"rfLrthrobSt of this invention is to provide a process for producing a highly stereoregular a-olefin 

'"Th^trotjecrhas bl achieved by the surprising finding of an a-ole«n polymerization catalyst 

. system consisting essentially of: 

(A) a trivalent titanium compound-containing sofid catalyst component prepared by 

eiuc ng a titanium compound, represented by the general formula Ti(OR>),X. in '"^f J^ ^ZTl 
a hydrocarbon group having 1 to 20 carbon atoms: X represents a halogen atom: and a ^«P'!^^"'^ f 
numeral satisfyL 0 < a S 4, with an organomagnesium compound in the presence of Si-O bond- 
rtSngCnosillcon compound and an ester compound (a) to obtain a solid product. treaUng me 
solid product with an ester compound (b) to obtain an ester-treated solid produc . and "9 jhe ef r- 
treated solid product with a mixture of an ether compound and a titanium tetrachlonde or a m.x«ure of an 
ether compound, titanium tetrachloride and an ester compound (c). wherein the ester compounds (a), (b), 
and (c) may be the same or different from one another; 

(B) an organoaluminum compound; and 

(C) an electron donative compound. 
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.ceo... to .is >n.en«o. .ere . .... .ov«^ a P~ ^^^^ 

anaaprocejfor^^^^^^^^^^^^^ >n^n«oo. sa>a now c.a. .ein. a 

representative of the embodiments of this invenfon. 



(a) Titanium compound 



20 



30 



3S 



yo) ..lu....... 

.1. •, rj »ho snlid catalvst component (A) of this invention 
The titanium compound used in ♦-^^/V^^^^,^^^^^^ in which R' represents a 

includes titanium compounds '^^''^^^'^^'^ ^I'^^'^^^Ze^^^ halogen atom and a represents a numeral 
hydrocarbon group having 1 to 20 as methyl, ethyl, propyl, isopropyl. 

satisfying 0 < a S 4. SpecK.c examples of R '"^^'^f ^^J' 3^,^, _ ^ecyl. dodecyi and the like: aryl groups 
butyl, isobutyl. t-butyl. amyl. '^^^^^^^ 'r^^yVJ^'^le"" ^2;.° J^^oups such as propenyl and the like; and 

•""^ w » I" »r 'TS- 

The symbol a in the general formula Ti{OH ).A4-, rep.ea 
2 S a 5 4. particularly preferably a = 4. ,«„,„ented by the general formula Ti(OR').X4-a can be 

The synthesis of the titanium compound and TiX. are reacted in the 

carried out by a known method For "'^'^^'t ^rresponding alcohol (R>OH) are reacted in the 

predetermined proportion or a method ;;:anium Sound's may be used in dilution with a 

S:^rrcorprd%^^^^^^^^^^^ ^uch as metho.y.taniu. 

Specifically, there may be mentioned nhenoxytitanium trichloride, ethoxytitanium 

trichloride, ethoxytitanium trichloride, ^-'^^^^^'^'^^'^Z^^^ dichloride. dietho.- 

tribromide and the like; dialkoxytitanium diha de compounds ^ diethoxytitanium dibromide 

ytitanium dichloride. dibutoxytitamum d.chlor.de, ^'P^^^^^^^'f";:" ethoxytitnai^ chloride, triethoxytitanium 
L the like; tria.koxytitanium mo^ohalide the like; and 

chloride, tributoxytitanium ^"onde. Uipheno^^^oim oh tetraethoxytitanium. tetrabutoxytitan.um. 

tetraalkoxytitanium compounds sucn as leiramoi , 
tetraphenoxytitanium and the like. 

(b) Si-0 bond containing organosilicon compound 



component (A) 
formulas: 

Si(OR2)„R=4-n.. 

45 R*(R^2SiO)pSiRS 
and 

(R'2SiO)q 



p is an integer of 1 to 1,000; and q is an '"'^9^' *° '.J'ripclude tetramethoxysilane. dimethyldimethox- 
Specific examples of such organos.l.con ^^-^P^""*^; '"^ "J^ ethoxytriethylsilane. tetraisopropox- 
ss ysiianl tetraethoxysilane, tetrabutoxysilane. 
ysilane, diisopropoxydi.sopropyls.lane tetrapr^^^^^ cydohexyloxytrimelhylsilane. 
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ane, hexapropyldisiloxane. octaethyltrisiloxane. dimethylpolysiloxane. diphenylpolysiloxane. diphenyl- 
DOlysiloxane, methylhydropolysiloxane. phenylhydropolysiloxane and the like. . ^ k 

Among these organosilicon compounds, preferable are alkoxysllane compounds represented by tne 
general formula Si(OR2)„R\-m in which m is preferably a numeral satisfying 1 S m S 4, partcularly 
preferably m = 4, namely tetraalkoxysilane compounds. 

(c) Ester compound 

ThA P^«r «,mpounds (a), (b). and (c) used in the synthesis of the solid catalyst component (A) of this 
lnventi'(in' include mono- and polycarboxylic acid esters, for example, aliphatic carboxylic acd esters 
unsaturated aliphatic carboxylic acid esters, alicyclic carboxylic acid esters and aromatic carboxylic ac.d 
esters. Specific examples thereof include methyl acetate, ethyl acetate, phenyl acetate, methyl P[OP'°"f^e 
ethyl propionate, ethyl butyrate. ethyl valerate, methyl acrylate. ethyl acrylate. methyl methacrylate. ethyl 
benzoate. butyl benzoate, methyl toluate. ethyl toluate. ethyl anisate. diethyl succinate. <^'!'"«y' 
diethyl malonate. dibutyl malonate. dimethyl maleate. dibutyl maleate. diethyl Itacona^e. d.buty 'tacona^e. 
monoethyl phthalate. dimethyl phthalate. methyl ethyl phthalate. diethyl phthalate. <«'-"-P'';«'y' P^*f^'f*f: 
diisopropyl phthalate. di-n-butylphthalate. diisobutyl phthalate. di-n-octyl phthalate. diphenyl phthalate ar^d 

Among these ester compounds, olefinic carboxylic acid esters such as methacrylic acid esters maleic 
acid esters and the like and phthalic acid esters are preferred, and diesters of phthalic acid are particularly 
preferably used. 

The ester compounds (a), (b), and (c) may be the same or different from one another. 

(d) Organomagnesium compound 

The organomagnesium compound used in the synthesis of the solid catalyst componerit (A) of this 
invention may be any type of organomagnesium compounds having a Mg-carbon bond. Part'C"'*;- 
Grignard compounds represented by the general formula R'MgX in wh.ch R» represents a hydrocarbon 
group having 1 to 20 carbon atoms and X represents a halogen atonn and dialkylmagnes.um comp^nds o 
diarvJJmagnesium compounds represented by the general formula R^R-Mg in which R' --^J^^ 
independently hydrocarbon groups having 1 to 20 carbon atoms are particularly su.tably^used '"the above 
formulas R« R' and R«> may be the same as or different from one another and include alkyl. alkenyl. aryl 
and aralkyl groups having up to 20 carbon atoms such as methyl, ethyl, propyl, isopropyl. butyl, sec-butyl, 
amyl. isoamyl. hexyl. octyi. 2-ethylhexyl. phenyl, benzyl and the like. ^ ^hi-^,rH« 

Specifically, the Grignard compounds include methylmagnesium chloride, ethylmagnesium chloride, 
efhylmagnesium bromide, ethylmagnesium iodide, propylmagnesium chloride, propylmagnes.um bromide, 
butylmagnesium chloride, butylmagnesium bromide, sec-butylmagnesium chloride, s«=-b"«y'""^9nesium 
bromide, tert-butylmagnesium chloride, tert-butylmagnesium bromide, amylmagnes.um chloride, .soamy^ 
r^agnesium chloride, hexylmagnesium chloride, phenylmagnesium <=hlonde phenylmagnes.um b^^^^^^ 
the like, and the compounds represented by the general formula R^R'-Mg include dimethy magnesium, 
diethylmagnesium. di propylmagnesium. diisopropylmagnesium, dibutylmagnesium. di-sec-butylmagnes.um. 
di-tert-butylmagnesium. butyl-sec-butylmagnesium, diamylmagnesium. dihexylmagnes.um. diphenylmag- 

nesium. butylethylmagnesium and the like. 

In the synthesis of the above organomagnesium compound, there may be used a solvent, for example, 
an ether solvent such as diethyl ether, dipropyl ether, diisopropyl ether, dibutyl ether, di.sobulyl ether, 
diamyl ether, diisoamyl ether, dihexyl ether, dioctyl ether, diphenyl ether, dibenzyl ether, phenetole. anisole, 
tetrahydrofuran. tetrahydropyran or the like: a hydrocarbon solvent such as ^^«><3"^' *^^P*^"^' 
cyclohexane. methylcyclohexane. benzene, toluene, xylene or the like; or a mixed solvent of the ether 
solvent and the hydrocarbon solvent. 

The organomagnesium compound is preferably used in the form of an ether solution, and in this case, 
the ether compound may be an ether compound having 6 or more carbon atoms in the molecule or an 
cyclic structure-containing ether compound. In view of the catalytic activity, it is particularly preferable to 
use an ether solution of the Grignard compound represented by the general formula R MgX. 

It is also possible to use a hydrocarbon-soluble complex of the above organomagnesium compound 
with an organometallic compound. Examples of such an organometallic compound include organic com- 
pounds of Li. Be, B. Al and Zn. 
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(e) Ether compound 

^ ■ * ♦h^ cahh ratalvst comDonent (A) of this invention includes 
The ether co«.poand used in ^^''^'^'^l^'^l^ZoT^^ -the', diisobutyl ether, diamyl 

dialky. ethers such as diethyl ether. ^^^P^P^ '^'^^^^^^^^^ „.efhy. butyl ether, .methyl isoamyl 

Ter. eth. and d«soa.y. et.er are partic.ar.y 

preferably used. 

(f) Synthesis of solid catalyst component (A) 

The send cata-yst component (A, o, this — wlhr S^^^^ 

(b) the solid product obtained by reducmg '^^^ '''^"""^/^J^^^""^;^^^^ (a) and t^en treating the ester 
U presence of the o^Qanosilicon cornpound and the ester cor^^^^^ tetrachtoride or a 

compound-treated solid product w.th a "^"'''"^ °* J'^^^'^^^tt^'^eompound (c). All the above synthesis 
„,ixture of the ether compound. ^f^-J" of nitrogen, argon or the like, 
reactions are carried out in an .ner gas ^'^''^^'^^V'^^^^^ organomagnesium compound may be carried 
The reduction reaction of the titan.um ^°"^P°""f. r'^omoound is added to the mixture of the titanium 
out either by a method in which the or^anomagnes.um compound s ^ ^^^^^^ ^^.^^ .^^^^^^^^ ^ 

=e-re^iSrr^^^^^ 

nd' ifad^ Ttr^trreTtri^^^^^^^ compound and the ester 

compound (a) is preferred from the I' ^^"^'^^^^^^^^ ester compound (a) are preferably used 

The Utanium compound, the °'9^"°^'"'=°" ^°^PX„t Su^h a^s^ includes aliphatic hydrocarbons 
in the form of solution in or dilution w.th ^^-'J^^.^.f ^^^^^^f .y^Tocarbons such as toluene, xylene and 
such as hexane. heptane, octane. J^^^'^^JJ^- ^X^clohexane. decalin and the like; and ether 

rSnSh aTd^r::^.!^^^^^^^ -30 to 

, -TS-- ^-l^^drtionTactlon temperature is too high, the catalytic 

Z:X:::S;:^s:^ -r^^S h^pr'Stably a pore volume of 0.3 m.g or more in 
3S the pore radius range Of 20 to 200 nm TiOz. ZrOj. SiOz-AhO, complex oxide. 

The porous inorganic oxide includes S^2. AljOj. wgu. J' ^ ^ p^.^^^ polymer 

MgO.AbO, complex oxide. ^^90.SiO..AI,03 «mpex o-d^^ 

includes porous polymers of P^'V-^^rene type polya^^^^^^ styrene-N.N'- 
chloride type and polyolef.n type ^fj P^'^'^XTet^yte copolymer, polyethy 

« alkylene dimethacrylamide copolymer, ^^^'^"^^"^^f ^'^ copolymer, polymethyl 
acrylate. methyl acrylate-divinylbenzene '^°P°'y'^^'- ^'I'^^'.^/'^poiya.ethyl elhyleneglycoldimethacrylale. 
meLcrytate, methyl '^^'^'^^''^'r'''"''''' rn^ln^^Z^^^^^^^ pyrrolidone. polyvinyl- 

polyacryiooitrile. acry.onitrile-divinyH^enzene copcj^^^^^^^ SreZ^Te^i^y^L-n^ei^V^ acrylate copolymer. 
. ^:.;r^^Z'':rr^ are preterab. used SIC. AI.O3 and 

^*^T"ht rercrtfT'tiulm compound, the organomagnesium compound may be added by a 
dropwise addition. . . , u it nreferabiv about 30 minutes to about 12 hours. 

120'C. . . ofsferablv 1 to 50, more preferably 3 to 30 and 

The amount of the organosilicon co-Pou"d used '^ ^'^^^^1^^ ..^^ of the titanium 

^ost preferably 5 . 0 25. in terms o. an atom.cra^of^^^^^^^^^ ^.^S to 10, more 

compound (Si/Ti). Also, the a-oumj>Mhe est^^^^^^^^ 

preferably 0.1 to 6 and most P^^'^'^^^ J* j^^"^^^^ ^.oreover. the amount of the organomag- 

titanium atom of the titanium '^^^^^''^^f f^.To^M^^^^^^ and most preferably 0.5 to 2.0 in 

rs^ofTh^T^ic raSoSr of t^ranra.rind^^con atom to the magnesium atom .Ti . Si)- 



25 



30 



SO 



55 



04/17/2002 13:35:11 Seite -5- 



EP 0 657 473 A2 



/Mg]. 

The solid product obtained by the reduction reaction is subjected to solid-liquid separation and then 
washing several limes with an inert hydrocarbon solvent such as hexane. heptane or the like. The solid 
product thus obtained contains trivalent titaniunn. magnesium and hydrocarbyloxy group and is generally 
5 noncrystalline or very weakly crystalline. From the viewpoint of catalytic activity, the noncrystalline structure 
is particularly preferred. 

Subsequently, the solid product obtained by the above-mentioned method is treated with the ester 
compound (b). The amount oi the ester compound (b) used is preferably 0.1 to 50 moles, more preferably 
0.3 to 20 moles and most preferably 0.5 to 10 mnlft.s. per mole of the titanium atom in the solid product. 

10 Also, the amount of the ester compound (b) used is preferably 0.01 to 1.0 mole, more preferably 0.03 to 0.5 
mole, per mole of the magnesium atom in the solid product. When the amount of the ester compound (b) 
used is too large, the degradation of particles is caused. 

The treatment of the solid product with the ester compound (b) can be effected by any of the known 
methods capable of contacting the solid product and the ester compound such as a slurry method or a 

IS mechanical pulverization means by a ball mill or the like; however, when the mechanical pulverization is 
applied, finely ground particles from the solid catalyst component are formed In a large amount, and the 
particle size distribution becomes broad, which Is not desirable from the industrial point of view. It Is 
preferable to contact the two in the presence of a diluent. 

As the diluent, there can be used aliphatic hydrocarbons such as pentane. hexane. heptane, octane and 

20 the like: aromatic hydrocarbons such as benzene, toluene, xylene and the like; alicyclic hydrocarbons such 
as cyclohexane. cyclopentane and the like; halogenated hydrocarbons such as 1 .2-dichloroethane. monoch- 
lorotJenzene and the like. Among them, the aromatic hydrocarbons and the halogenated hydrocarbons are 
particularly preferred. 

The amount of the diluent used is preferably 0.1 ml to 1.000 ml, more preferably 1 ml to 100 ml. per 
25 gram of the solid product. The treatment temperature is preferably -50 to + 150-C. more preferably 0 to 
120 -C. The treatment time Is preferably five minutes or more, more preferably fifteen minutes to three 
hours. After completion of the treatment, the treated solid product is allowed to stand to separate the solids 
from the liquid, after which the solids are washed several times with an inert hydrocarbon solvent to obtain 
the ester-treated solids. 

30 Subsequently, the ester-treated solids are treated with the mixture of the ether compound and titanium 
tetrachloride. This treatment is preferably conducted in the slurry state. The solvent which can be used in 
the formation of the slurry includes aliphatic hydrocarbons such as pentane, hexane, heptane, octane, 
decane and the like; aromatic hydrocarbons such as toluene, xylene and the like; alicyclic hydrocarbons 
such as cyclohexane, methylcyclohexane. decalin and the like; and halogenated hydrocarbons such as 

35 dichloroethane. trichloroethylene. monochlorobenzene. dichlorobenzene, trichlorobenzene and the like. 
Among them, the halogenated hydrocarbons and aromatic hydrocarbons are preferred. 

The slurry concentration is preferably 0.05 to 0.7 g solids/ml solvent, more preferably 0.1 to 0.5 g 
solids/ml solvent. The reaction temperature is preferably 30 to 150-C. more preferably 45 to 135'C. and 
most preferably 60 to 120 'C. The reaction time is not critical; however, a period of about thirty minutes to 

40 about six hours is usually suitable. 

The feeding of the ester-treated solids, the ether compound and titanium tetrachloride may be effected 
by either the method in which the ether compound and titanium tetrachloride are added to the ester-treated 
solids or the method in which the ester-treated solids are inversely added to a solution of the ether 
compound and titanium tetrachloride. In the method in which the ether compound and titanium tetrachloride 

45 are added to the ester-treated solids, it is preferable to add titanium tetrachloride after the addition of the 
ether compound or simultaneously add the ether compound and titanium compound, and it is more 
preferable to add a previously prepared mixture of the ether compound and titanium tetrachloride to the 
ester-treated solids. 

The reaction of the ester-treated solids with the ether compound and titanium tetrachlonde may be 
50 repeated two times or more. From the viewpoint of the catalytic activity and stereoregularity. it is preferable 
to repeat at least two times the reaction with the mixture of the ether compound and titanium tetrachloride. 

The amount of the ether compound used is preferably 0.1 to 100 moles, more preferably 0.5 to 50 
moles and most preferably 1 to 20 moles, per mole of the titanium atom contained in the solid product. The 
amount of titanium tetrachloride added is preferably 1 to 1 .000 moles, more preferably 3 to 500 moles and 
55 most preferably 10 to 300 moles, per mole of the titanium atom contained in the solid product. The amount 
of titanium tetrachloride added per mole of the ether compound is preferably 1 to 100 moles, more 
preferably 1.5 to 75 moles and most preferably 2 to 50 moles. 
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lion. 



(g) Organoaluminum compound (B) 



20 R^\AIY3-, 
and 

Ri2R'3A|-0-AIR^*R^^ 



25 



30 



35 



50 
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a halogen atom, a hydrogen atom o^^" ^'f ''^ trTsobuWlaluminum, trihexylaluminum and the like; 

include trialkylalumlnums such as '"«t^y'f'""""""^ J'S Sbutylalumlnum hydride and the like: 

2srr„irar.:;;«— urs^^^ „, . .... 

triethylaluminum. triisobutylaluminum. a m.xture of tr.ethylalummum a 

tetraethyldialutninoxane. ^„mnound used may be in so broad a range as 0.5 to 1 ,000 moles 

preferably in a range of 1 to 600 moles, 
(h) Electron donative compound (C) 

. -^^A ir. the catalvst system of this invention includes oxygen- 
Tha electron donative compound ^'^f '"^^'^^^^ ^^^^^^ carboxyllc acids, esters of 

containing electron donors such as 

R-„Si(OR-).-. in which represents a Mroc-bon 9^"P^a-ng^1^ o 0 ^^^^^^^ 
atom; R- represents a hydrocarbon 9^«"P ^^^-"9 ^0 ca^to^^^ ^ ^^^^p,^^ 

the same ester molecule; and " represents ^ ""^fjj^^^^^^^^^^^ methyltrimethoxysllane. 
include tetramethoxysilane. '^fl"Se^^^^^ ,ert-butyltrimethoxysilane. isopropyl- 

ethyUrimethoxysilane. butyUrimethoxys.lane .sobutyUr.me^^^^^^^ vinyltrimethoxysilane. dimethyl- 

trimethoxysilane. cyclohexyltnmethoxys,lane. P^^"/''^^^^^^^^^^ propylmethyldimethoxysilane. 
dimethoxysilane. diethyldime.hoxys.lane, ^ ^j^^J^'^f'^.^^^ 

diisopropyldimethoxysl.ane,dibutyd,m^^^^^^^ tert-butyiethyl- 
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dimethoxysilane. tert-butyl-n-butyldimethoxysilane. tert-butyl-isobutyldimethoxysilane. tert-butyl-sec-butyl- 
dimethoxysilane. hexylmethyldimelhoxysilane. hexylethyldimethoxysilane. dodecylmethyld.methoxysi ane. 
dicyclopentyldimethoxysilane. cyclopentylmethyldimethoxysilane, cyclopentylethyld.rnethoxys, ane. 
cyclopentylisopropyldimethoxysilane. cyclopenlylisobutyldimethoxysilane. cyclopentyl-tert-butyld.me hox- 
vsilane. dicyclohexyldimethoxysilane. cyclohexylmethyWimethoxysilane. cyclohexylethyldimethoxys.lane. 
cyclohexylisopropyldimethoxysilane. cyclohexylisobutyldimethoxysilane. cyclohexyl-tert-butyld.me hox- 
ysilane. cyclohexylcyclopentyldimethoxysilane. cyclohexylphenyldimethoxysilane. diphenyld.methoxys. ane. 
phenylmethyldimethoxysilane. phenylisopropyldimethoxysilane. phenylisobutyldimethoxysilane. pheny tert- 
batyldimethoxysilane. phenylcyclopentyldimethoxysilane. vinylmethyldimethoxysilane. methyltnethoxys, ane. 
ethyltriethoxysilane. butyltriethoxysilane. isobutyltriethoxysilane, tert-butylethoxysilane. isopropyltnethox- 
ysilane. cyclohexyltriethoxysilane. phenyltriethoxysilane. vinyltriethoxysilane. dimethyldiethoxysilane. diethy - 
diethoxysilane. dipropyldiethoxysilane, propylmethyldiethoxysilane. diisopropyldielhoxysilane d.buty- 
diethoxysilane. diisobutyldiethoxysilane. di-terl-butyldielhoxysilane. butylmethyldiethoxysilane. butylethy- 
diethoxysilane. tert-botylmethyldiethoxysilane. heyximethyldiethoxysilane. hexylethyldiethoxysilane dodecyl- 
methyldiethoxysilane. dicyclopentyldiethoxysilane. dicyclohexyldiethoxysilane. cyclohexylmethyld.ethox- 
ysilane. cyclohexylethyldiethoxysilane, diphenyldiethoxysilane. phenylmethyldiethoxys.lane, vinylmethyl- 
diethoxysilane. ethyltriisopropoxysilane. vinyltributoxysilane, phenyltri-tert-butyls.lane. 2-norbor- 
nanetrimethoxysilane.2-norbornanetriethoxysilane. 2-norbomanemethyldimethoxysilane. tnmethylphenox- 
ysilane. methyltriphenoxysilane and the like. . 

The ethers are preferably dialkyi ethers and diether compounds represented by the following general 

formula: 



R"0 CHz C CHzOR^ 



wherein to represent independently straight or branched chain alkyl. alicyclic. aryl. alkylaryl or 
arylalkyl groups having up to 20 carbon atoms; and R- and R" may be hydrogen atoms Speaf.c 
examples of the ether compounds include diethyl ether, dipropyl ether, di.sopropyl ether d.butyl ether 
dlamyl ether, diisoamyl ether, dineopentyl ether, dihexyl ether, dioctyl ether, methyl butyl ether, methyl 
isoamyl ether, ethyl isobutyl ether, 2.2-diisobutyl-1 ,3-dimethoxypropane, 2-isopropyl-2-,sopenty -1 .3- 
dimethoxypropane. 2.2-bis-(cyclohexylmethyl)-l ,3-dimethoxypropane. 2-isopropyl-2-(3.7.djme hylocty^^^^^^ 
dimethoxypropane. 2,2-dilsopropyl-1 .3-dimethoxypropane. 2-isopropyl-2-cyclohexylmethyl-1 .3-dimethox- 
ypropane, 2.2-dicyclohexyl-l .3-dimethoxypropane, 2-isopropyl-2-isobutyl-1. 3-dimethoxypropane, 2.2- 
Siisopropyl-1 .3-dimethoxypropane. 2.2-dipropyM ,3-dimethoxypropane. 2-isopropyl-2-cyctohexy 1-1 3- 
dimethoxypropane. 2-isopropyl-2-cyclopentyl-1 ,3-dimethoxypropane, 2,2-d,cyclopentyl-1 ,3-d.methox- 
Ypropane. 2-heptyl-2-pentyl-1 .3-dimethoxypropane and the like. 

Among these electron donative compounds, particularly preferable are organosil.con compounds 
represented by the general formula RaR23Si(OR^*)2 wherein BP represents a hydrocarbon group having 3 
to 20 carbon atoms in which the carbon atom adjacent to Si is secondary or tertiary, which includes 
specifically branched alkyl groups such as isopropyl group, sec-butyl group, tert-butyl group, ert-amy 
group and the like; cycloalkyl groups such as cyclopentyl group, cyclohexyl group and the like; cycloalkenyl 
groups such as cyclopentenyl group and the like; and aryl groups such as phenyl group, tolyl group and the 
Hke. and R" represents a hydrocarbon group having 1 to 20 carbon atoms, wh.ch includes specifically 
straight chain alkyl groups such as methyl group, ethyl group, propyl group, butyl group, pentyl group and 
the Hke: branched chain alkyl groups such as isopropyl group, sec-butyl group, tert-butyl group, ert-amy 
group and the like: cycloalkyl groups such as cyclopentyl group cyclohexyl group and the like; cycloalkenyl 
groups such as cyclopentenyl group and the like: aryl groups such as phenyl group, tolyl group and the 
like; etc. and R^' represents a hydrocarbon group having 1 to 20 carbon atoms, preferably a hydrocarbon 
orouD having 1 to 5 carbon atoms. ^ . • 

Specific examples of such an organosilicon compound used as the electron donative compound inc ude 
diisopropyldimethoxysilane. diisobutyldimethoxysilane. di-tert-butyldimethoxysilane. tert-butylmethy 1- 
dimethoxysilane. tert-bulylethyldimethoxysilane. tert-butyl-n-propyldimelhoxysilane. .sobutyl.sopropyl- 
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fO 



15 



SO 



25 



. c-.,np tert-butvl-n-butyldimethoxysilane. tert-butyl-isobutyl- 
«,ethoxysilane. tert-butylisopropyld meth^^^^^^^^^^^ 'd^^So'Uty'dimethoxysilane. cyc.openty.isopropyl- 
dimethoxysilane. tert-butyl-sec-butyld.methoxys, ane, ./g^butyldimelhoxysilane. cyclopentyl-tert- 

SUsUane. cyc.openty«sobutyld|rne^^^^^^^^^^^^ ''SSXeJ'^-^'-e^^-y-^^r.e. cyCoh-y.ethy.- 
butyldimethoxysilane. d'^yclohexyld memoxys,lane. i^^butyldirr^ethoxysilane. cyclohexyl-tert- 

dimethoxysilane, cyclohexylisopropy d.me hoxys.^ne <^^yc^^^ cyc.ohexylphenyldimethoxysilane. d.phenyl- 
JuTyldin^ethoxysilane, cyclohexylcyclopemvW.met^^^^^^^^^^^ phanylisobutyldimethox- 
diJethoxysilaoe, P'^enylr.ethyld.methoxysaane^^^^^^^^ dMsopropy.diethoxys. ane. 

vsilane phenyl-tert-butyldimethoxysilane. P"e"y'®y^'°P^ L-.^wyisthoxysilane. riicyr-lopentyld.ethox- 

(i) Method for polymerizing olefin 

examples of the -olefin includes ^'''^f*^?'^^X^"^ocUe6 monoolefins such as 3-methylbutene-1. 3- 
hexene-l. heptene-1. o^teoe-l decene^l and the ^he like. These a-olef.ns may be 

methylpentene-l. 4-methylpenten-1 and the ^"^^'^ ^^^^^ye to homopolymerize propylene or butene- 
used alone or even in cornbinatton of two or more. U .^^^^^^ ^^i^ component and 

" or copolymerize a mixed olefin 

particularly preferable to ^°'^°^'y'^,^"J^.^2lTJ,-^^^^^ it is possible to use a mixture of ethylene 

above polymerization (the main polymer.2at.0n). ^ i„ the Presence of 

The preliminary polymerization .s earned ^iJ^^^^J^^^^a (B). and it is preferable to conduct the 
tt,e catalyst component (A) and the o;9-"<J^'X 7o frm"^ sl!^ a solvent is used which includes 
preliminary polycr^erization in the ^^-"\^^^^\^J^'^,u.ne., isopentane. hexane. t^eptane octane^ 
inert hydrocarbons such as P^°P^7^-^'';Jf ^•,3"Ttre iolmation of the slurry, a part or the whole of the 

^XS^^^^^^^'^-^^^ in the preiiminary po.ymerization can be 

, The an^ount of the organoaluminum "^^-P^.J ^e^^t mcle of the titani 

:r cZsT crportfrwrer-rTn^^^^^^ SCO moles, more preferably t to .00 

^he amount o, the olefin to be pre« — of^e^orc^^^^^^^^ ^^'^ ''J^^Z 

-rrry=^^^^^^^^^ 

componenVliter of the solvent, and P-'^''^" ^J^^ ^^^^^^^^^ -20 to * 100 -C. more preferably 0 to 

the solvent. The preliminary P0ly'"ff* °"*^'^^n'33e during the preliminary polymerization .s preferably 
80-C. The partial pressure -['^f'^^^^'lXZS ^^^^^ ^P^'^ "Son 

0.01 to 20 kg/cm^ more P^^'^'^.'^'J,"^ '^^^^^The preliminary polymerization temperature. In add.t.on. 
liquid at the preliminary polymer.zat.on pressure at tne P ^ ^^ hours, 

he preliminary polymerization erne is not cnucal and^,^^^^^^^^^ ^^^^.^^^ component (A), the 

in carrying out the preliminary P<>'y'^«."^^''°"-'''^.^,2; ^either by a method in which the olefin .s fed 
organoaluminum compound (8) and '-^t °t ^rcontacted^th compound (B) or by a 

afir the solid catalyst component (A, ^^^Zd STs tedt^^^^^ "^^^P^"^"' T 

„,athod in which the organoalum.num c^-P;"^^,.^^;;'^ effected either by such a method that the o^f-n 
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method in which the predetermined amount of the olefin is fed initially. In order to adjust the molecular 
weight of the polymer obtained, a chain transfer agent such as hydrogen or the like may be added. 

In the preliminary polymerization of a small amount of the olefin in the presence of the solid catalyst 
component (A) and the organoaluminum compound <B). the electron donative compound (C) may be, if 

5 necessary, allowed to co-exist. The electron donative compound used is a part or the whole of the 
abovementioned electron donative compound (C). The amount of the electron donative compound used is 
preferably 0.01 to 400 moles, more preferably 0.02 to 200 moles, and most preferably 0.03 to 100 moles, 
per mole of the titanium atom contained in the solid catalyst component (A), and the proportion thereof per 
mole of the organoaluminum compound (B) is preferably 0.003 to 5 moles, more preferably 0.005 to 3 

10 moles and most preferably 0.01 to 2 moles. 

The method of feeding the electron donative compound (C) in the preliminary polymerization is not 
critical, and the electron donating compound may be fed separately from the organoaluminum compound 
(B) or may be previously contacted with the organoaluminum compound (B) and then fed. Also, the olefin 
used in the preliminary polymerization may be the same as or different from the olefin to be used In the 

;5 main polymerization. 

After the preliminary polymerization has been conducted as mentioned above, or without conducting the 
preliminary polymerization, the a-olefin can be subjected to the main polymerization in the presence of the 
a-olefin polymerization catalyst system consisting essentially of the solid catalyst component (A), the 
organoaluminum compound (B) and the electron donative compound (C). 
20 The amount of the organoaluminum compound (B) in the main polymerization can be selected from 
such a broad range as 1 to 1,000 moles per mole of the titanium atom contained in the solid catalyst 
component (A), and it is preferably in the range of 5 to 600 moles per mole of the solid catalyst component 
(A). 

The amount of the electron donative compound (C) used in the main polymenzation is preferably 0.1 to 
25 2.000 moles, more preferably 0.3 to 1,000 moles and most preferably 0.5 to 800 moles, per mole of the 
titanium atom contained in the solid catalyst component (A), and the proportion of the electron donative 
compound (C) per mole of the organoaluminum compound (B) is preferably 0.001 to 5 moles, more 
preferably 0.005 to 3 moles and most preferably 0.0 1 to i mole. 

The main polymerization can be carried out in a temperature range of from -30 to +300*C: 
30 however, the temperature is preferably 20 to 180*C, The polymerization pressure is not critical: however, a 
pressure of preferably atmospheric pressure to 100 kg/cm^. more preferably about 2 to about 50 kg/cm^ is 
adopted from the industrial and economical points of view.- the polymerization system may be either 
batchwise system or continuous system. The polymerization may be a slurry or solution polyrherization In 
an inert hydrocarbon solvent such as propane, butane, isobutane. pentane, hexane. heptane or octane; a 
35 bulk polymerization using as a medium an olefin which is liquid at the polymerization temperature; or a gas 
phase polymerization. 

In the main polymerization, a chain transfer agent such as hydrogen or the like may be added in order 
to control the molecular weight of the polymer produced. 

This invention is explained in more detail below referring to Examples and Comparative Examples. 
40 Incidentally, in the Examples, the methods for evaluating various physical properties of polymers were 
as follows. 

(I) Xylene-solubles at 20 • C (referred to hereinafter as CXS) 

45 In 200 ml of boiling xylene was dissolved 1 g of polymer powder. The resulting solution was gradually 
cooled to 50 'C. then immersed in ice water bath to be cooled to 20-C with stirring and allowed to stand at 
20 'C for three hours; after which the polymer precipitated was removed by filtration. The xylene was 
removed by evaporation from the filtrate and the filtrate was then dried under reduced pressure at 60 * C to 
recover a polymer soluble in xylene at 20 • C. 

so 

(II) Intrinsic viscosity (referred to hereinafter as M) 
Measures at 135' C in tetralin. 

55 
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Example 1 

(1) Synthesis of organomagnesium compound 



10 



A i,OOO.m. flask equipped -ith a stirrer ,L^Zr.nto the 

purged with argon, and thereafter 32.0 g ^, o, dibuty. ether, and about 30 ml of he 

dropping funnel were charged 120 g of bu^yl chtonde andj^^^^^ ^, ,^3^,,^^, ,he rema.n.ng 

SmnJ solution was dropped into the flask to start eactoa A 

Sution was further dropped at 50 - C over ^'^^'J^^'i'^^J^"''^^ ,eacUon mixture was cooled to roorn 



,5 (2) Synthesis of solid product 



20 



25 



30 



35 



40 



45 



A 500-m. flask e.uipped with a stirrer and a droppin^ ^^^^^^^^^^ ZS^y^^^^'^l ml (LIT 32 
Charged with 290 ml of hexane. 9 3 ^^^f 9; f„ ~^^n^oles) of te^ 

miHimoles) of diisobutyl phthalate and 79.1 ral (74.4 9'.357 ^m^o e , 3 ^theslzed in (1) above was 

Tin subsequently. 189 ml °'^^^^ZZTZ:r^^^t^^^ i" ''^a flask v.-as kept at 

rstL^^prn^orL^^^^^^^^^ 

Thereafter. 270 ml of toluene was added to soMs^ composition analysis to find that the 

A part of the solid product slurry was sampled ana su 1 ^.^ ^^.^ ^3,^, 30.7 ^ 

.oiid';oduct contained 1.8% '^V weig^ o -a^^^^^^ 3,,,^ concentration was 
by weight of the ethoxy group and 3.3 /« by weigni o 
0.140 g/ml. 

(3) Synthesis of ester-treated solids 

A 200-ml ..ask equipped with a stirrer, a dropping a ~e^^^^^^ ^--^0. 

men Charged with 84 ml of the -"7-^-^=,°^^^^^^^^^^ phthalate was added to the s^- 

the supernatant was taken out and 7.8 -'Jf f ^ for 30 minutes and thereafter sub,ected to sol.d- 

(4) Synthesis of solid catalyst component (activating treatment) 

. ml of toluene 0 66 ml (2.5 millimoles) of diisobutyl 

After completion of the washing ■^^_<^) f^^- '/J ^4 m° (0.213 mole) of titanium tetrachloride were 
phthalate. 1.2 ml (6.9 millimoles) of **;^"2;*";/.c for three hours. After- completion of '^^^ '^"^"•^^ 
Jiaced in the flask, and subjected to '.f f ^^^^^ '„ ,t ,he same temperature, and the sol.ds ob a.ned 
Reaction mixture was subjected to ^^''^'^I'^^'^'^^Z^^^^^^ Subsequently. 12.0 ml of toluene, 

were washed with two 59-ml portions of toluene ai^ the sa"ie ternp ^^^^^^ tetrachloride were added to the 
1.2 ml (6.9 millimoles) of dibutyl ether and 11.7 ml (aioe , ^^^^ complefon of the 

solids and the resulting mixture '^^^ J^'^f *° ^^^^d separa at the same temperature, after wh.ch 
reaction, the reaction mixture ^m ^ions o' of a 

. rer^r rret sT^SS rher. rth^n d^ed under reduce pressure to obtain S.l g of 

nrS=y?c"Unent obtained coota.ed "^-'^^^^^^^^^^^ 

:ra =m=re l - - it was in the fine powder-fre. 

55 good particle form. 
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(5) Polymerization of propylene 

A 3-nter, agitation type, stainless steel autoclave was purged with argon, and charged with 2,6 
millimoles of triethylaluminum. 0.26 millimole of cyclohexylethyldimethoxysilane and 4.0 mg of the solid 
5 catalyst component synthesized in (4) above, atter which hydrogen corresponding to a partial pressure of 
0.33 kg/cm2 was introduced into the autoclave. Subsequently. 780 g of liquefied propylene was charged into 
the autoclave, and the temperature of the autoclave was elevated to 80 'C. at which temperature 
polymerization was conducted for one hour. After completion of the polymerization, unreacted monomer 
was purged from the autoclave. The polymer produced was dried at BO'C under reduced pressure for two 
10 hours to obtain 105 g of polypropylene powder. 

Accordingly, the yield of polypropylene per gram of the solid catalyst component was such that PP/Cat 
= 26,300 (g/g). Also, the proportion of the 20 'C xyiene-soluble component to the total polymer yield (CXS) 
was 0.72 % by weight and the intrinsic viscosity M of the polymer was 1 .91 . 

75 Comparative Example 1 

(1) Synthesis of solid product 

A 500-mt flask equipped with a stirrer and a dropping funnel was purged with argon and thereafter 
20 Charged with 240 ml of hexane. 5.4 g (15.8 millimoles) of tetrabutoxytitanium and 61.4 g (295 millimoles) of 
tetraethoxysllane to form a unifornn solution. Subsequently. 150 ml of the organomagnesium compound 
synthesized in Example 1 (1) was gradually dropped from the dropping funnel over four hours while the 
temperature in the autoclave was maintained at 5-C. After completion of the dropwise addition, the contents 
of the flask were stirred at room temperature for a further one hour and then subjected to solid-liquid 
25 separation, after which the solids obtained were washed with three 240-ml portions of hexane and then 
dried under reduced pressure to obtain 45.0 g of a brown solid product. 

The solid product contained 1 .7% by weight of titanium atom. 33.8% by weight of the ethoxy group and 
2.9% by weight of the butoxy group. 

In a wide angle X-ray diffraction pattern of the solid product by Cu-Ka rays, no clear diffraction peak 
30 was found at all and the structure of the solid product was noncrystalline. 

(2) Synthesis of ester-treated solids 

A 100-ml flask was purged with argon and thereafter charged with 6.5 g of the solid product 
35 synthesized in (1) above. 16.2 ml of toluene and 4.3 ml (16 millimoles) of diisbbutyl phthalate. after which 
the resulting mixture was subjected to reaction at 95'C for one hour. After the reaction, the reaction mixture 
was subjected to solid-liquid separation and the solids obtained were washed with three 33-ml portions of 
toluene. 

40 (3) Synthesis of solid catalyst component (activating treatment) 

After completion of the washing in (2) above, the flask was charged with 16.2 ml of toluene. 0.36 ml (1.3 
millimoles) of diisobutyl phthalate. 2.2 ml (13 millimoles) of dibutyl ether and 38,0 ml (346 millimoles) of 
titanium tetrachloride, after which the resulting mixture was subjected to reaction at 95 • C for three hours. 

45 After completion of the reaction, the reaction mixture was subjected to solid-liquid separation at 95'C and 
then the solids obtained were washed with two 33-ml portions of toluene at the same temperature. The 
above-mentioned treatment with the mixture of diisobutyl phthalate with dibutyl ether and titanium tetrachlo- 
ride was repealed once again under the same conditions, and the solids were washed with three 33-ml 
portions of hexane to obtain 5.0 g of an ocherous solid catalyst component. 

so The solid catalyst component contained 2.1% by weight of titanium atom. 19.9% by weight of 
magnesium atom and 1 2.7% by weight of the phthalic acid ester. 

(4) Polymerization of propylene 

55 In the same manner as in the polymerization of propylene in Example 1 (5). except that the solid 
catalyst component obtained in (3) above was used, propylene was polymerized. 

The polymerization results obtained were such that PP/Cat = 24.100 (g/g). CXS = 0.94 (% by weight) 
and (ij) = 1.95. The polymerization conditions and polymerization results are shown in Table 1. In this 
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Example 2 

(1) Synthesis of solid product 

„ ,.»rf pvreot that the amount of tetrabutoxytitanium 
The same procedure as in Example ^ (f^^^^P^f !fi:^^ll^'hllte was changed to 2.5 ml (2.6 
was changed to 7.5 ml <7.5 g. 22 miiiinio.es,. «.6 •'. -"""y. g ,70.3 g. 338 millimoles) and the 
^'nmoles). the amount of '-'-'•^-V^j'^^^^^^^^ to synthesize a solid product 

amount of the organomagnesium compound solu .on w^ ^hang^ -^^ analysis to find that the 

A part o. solid P-d- siu^^^^^^^^^^^ Uight 'of the phtha.ic acid ester. 35.0. 

r/^iroTrro" "o:;r welg. o. the ..ox, group. 

(2) Synthesis of ester-treated solids 

, i th*. .svnthesis of ester-treated solids was conducted, 
under the same conditions as in Example 1 (3), the synthesis 

(3) Synthesis of solid catalyst component (activating treatment) 

, 1 m exceot that the activating treatment and washing with toluene 

solid catalyst component was observed i^y a siere 
was in the fine powder-free, good particle form. 

(4) Polymerization of propylene ^^^^^ 



20 



25 



30 



35 



and [ijI 
Example 3 

(1) Synthesis of solid product 
40 In the same manner as in 



45 



50 



Example t (2). except that -^^ZrlT^:^S^T^^^^^^ (-Tu 

75 m T7.5 g. 22 millimoles). the amount of -^"^f "^v'/J^'^^'f^ ^1(70 3 9 338 millimoles) and the 
Jiis). the amount of tetraethoxysilane jas^ changed o^^^^ 

amount of the organomagnesium compound so^ut^" was cha g ,„„y3is lo find that the 

A Of tHe sc.^ P;ot-t Slurry ^^^^^^ «mp^d and^su.,^^^ ^^^^^^ ^^^^^^^ 3,.,, 

S wS'TtrroS ioJpr 3l'/. .y welg. Of the .utoxy group. 

(2) Synthesis of ester-treated solids 

Ester-treated solids were synthesized under the same conditions as in Example t (3). 

(3) Synthesis of solid catalyst component (activating treatment) 
, manner as in Example 1 (4). e.cep. that the activating treatment and washing with toluene 



werrcrdu^^ed^n^•c1oVn=^^ atom. 10.0. .y weight of the 

The solid catalyst component <=°"^*"*f^„'^; ^^.^J.^^d q 1% by weight of the butoxy group. Also, the 
phthalic acid ester, 0.4% by weight ol'^f^'^^ZZrl^ope to find that the component was in the f.ne 
.,»=iv,,t romoonent was observed by a stereomicrosv, w 



55 
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powder-free, good particle form. 

(4) Polymerization of propylene 

5 In the same manner as in the polymerization of propylene in Example 1 (5). except that the solid 
catalyst component obtained in <3) above was used, to polymerize propylene. 

The polymerization results obtained were such that PP/Cat = 37,200 (g/g). CXS = 0.73 (% by weight) 
and M - 2.02, The polymerization conditions and polymerization results are shown in Table 1 . 

10 Example 4 

(1 ) Synthesis of solid product 

In the same manner as in Example 1 (2). except that the amount of tetrabutoxytltanium was changed to 
75 9.9 ml (9.9 g, 29 millimoles), the amount of diisobutyl phthalate was changed to 8.5 ml (8.8 g, 32 
millimoles). the amount of tetraethoxysilane was changed to 78.7 ml (74.0 g, 355 millimoles) and the 
amount of the organomagnesium compound solution to 189 ml, to synthesize a solid product.. 

A part of the solid product was sampled and subjected to composition analysis to find that the solid 
product contained 1.9% by weight of titanium atom. 0.4% by weight of the phthalic acid ester. 31.3% by 
20 weight of the ethoxy group and 3.5% by weight of the butoxy group. 

(2) Synthesis of ester-treated solids 

Ester-treated solids were synthesized under the same conditions as in Example 1 (3). 

25 

(3) Synthesis of solid catalyst component (activating treatment) 

In the same manner as in Example 1 (4). except that the amount of the diisobutyl phthalate was 
changed to 0.1 ml per gram of the solid product and the activating treatment and washing with toluene were 
30 conducted at 105 • C, to synthesize a solid catalyst component. 

The solid catalyst component contained 1.3% by weight of titanium atom. 10.2% by weight of the 
phthalic acid ester. 0.3% by weight of the ethoxy group and 0.1% by weight of the butoxy group. Also, the 
solid catalyst component was observed by a stereomicroscope to find that the component was in the fine 
powder-free, good particle form. 

35 

(4) Polymerization of propylene 

In the same manner as in the polymerization of propylene in Exannple 1 (5). except that the solid 
catalyst component obtained in (3) above was used, to polymerize propylene. 
40 The polymerization results obtained were such that PP/Cat = 32.700 (g/g), CXS = 0.52 (% by weight) 
and [ij] = 1.83. The polymerization conditions and polymerization results are shown in Table 1. 

Example 5 
45 (1) Synthesis of solid product 

In the same manner as in Example 1 (2). except that the amount of the tetrabutoxytitanium was 
changed to 7.5 ml (7.5 g. 22 millimoles). the amount of the diisobutyl phthalate to 2.5 ml (2.6 g. 9.3 
millimoles). the amount of the tetraethoxysilane was changed to 73.8 ml (68.9 g, 331 millimoles) and the 
50 amount of the organomagnesium compound solution to 168 ml. to synthesize a solid product, and the solid 
product was then heated at I05*c for one hour. 

A part of the solid product was sampled and then subjected to composition analysis to find that the 
solid product contained 1.9% by weight of titanium atom. 0.2% by weight of the phthalic acid ester. 35.6% 
by weight of the ethoxy group and 2.7% by weight of the butoxy group. 

55 
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(a) synthesis o, esteMrea.ed so.,ds ^ , , ^ 3or.d product obtained in at,ove. 

A 100-n,. «ask was purged with argon and which the resulting rnixture was 

16.2 ml of toiuene and 5.5 ml (21 '"f '-^^^^^^.te the reaction mixture was subjected to sol.d- 

-irrpitrrrri^^^^^^^^^ 

,3, synthesis of solid catalyst component (activating treatment) 

. „ 1 except that the activating treatment and washing with toluene 

° .errclSatX^^^^^^^^^^ atom. by weight of the 

The solid catalyst component ^nta.ned 1 .9 /i by we g ^^^^^^ g^^^p Also, the 

^Sc acid ester. 0.4% by -'^-l^bV^^^^^^^ *° 
solid catalyst component was observeo oy 
,5 powder-free, good particle form. 

(4) Polymerization of propylene ^^^.^ 

. .e same manner as ^J^^Z ^J.r:^:^^"^-^^-^.^^^'^^ was subs«tu.ed for 

" rSorxS;— - r '^nr mafpP/Cat = 36.300 (g^g,. CXS = 0.72 (% by weight, 

" ^"^^^ ° in« in Example 5 (4). except that tert-butyl-n- 
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Table 1 





Solid catalyst 
component 


Polymerization results 




Conditi- 
ons for 
solid 
product 
synthe- 
sis 


AC uX — 

vating 
treat- 
ment 
condi- 
tions 






r n 1 
I M J 




DiBP/Ti* 


Temp . 


(g/g) 


(% vrt.) 




Example 1 


1.2 


95 


26,300 


0.72 


1.91 


Comp. Ex. 1 


None 


95 


24,100 


0.94 


1.95 


Example 2 


0.4 


105 


30,000 


0.74 


2.01 


Example 3 


0.6 


105 


37,200 


0-73 


2.02 


Example 4 


1.1 


105 


32,700 


0.52 


1.83 


Example 5 


0.4 


105 


36,300 


0 .72 


2.11 


Example 6 


0.4 


105 


45,000 


0.61 


2.42 



Note: DiBP/Ti = Diisobutyl phthalate/tetrabutoxy- 
titanium (mole ratio) 



Claims 

1. An cr-olefin polymerization catalyst system comprising: 

(A) a trivalent titanium compound-containing solid catalyst component prepared by 

reducing a titanium compound, represented by the general formula Ti(OR')oX4-a 'n which R' 
represents a hydrocarbon group having 1 to 20 carbon atoms; X represents a halogen atom; and a 
represents a numeral satisfying 0 < a < 4. with an organomagnesium compound in the presence of 
Si-O bond-containing organosilicon compound and an ester compound (a) to obtain a solid product, 
treating the solid product with an ester compound (b) to obtain an ester-treated solid product, and 
treating the ester-treated solid product with a mixture off an ether compound and titanium tetrachlo- 
ride or a mixture of an ether compound, titanium tetrachloride and an ester compound (c), wherein 
the ester compounds (a), (b). and (c) may be the same or different from one another. 

(B) an organoaluminum compound and 
(0) an electron donative compound. 

2. The a-olefin polymerization catalyst system according to Claim 1 , wherein the titanium compound is a 
tetraalkoxytitanium compound. 

3. The a-olefin polymerization catalyst system according to claim 1, wherein the titanium compound is 
tetramethoxy titanium, tetraethoxytitanium. tetrabutoxy titanium, or letraphenoxy titanium. 
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wherein the Si-0 bond- 



10 



75 



5. 



6. 



25 



30 



35 



The o-olefin polyn^erization ^^'^'V^V^^^*^"" formula Si(OR^)„R'.-n,. 

and q represents an integer of 2 to 1 .000. 

M'^r, tr. naim 4 wherein the Si-O bond-containing 
The a-o.efin polymerization catalyst system accord.og to Claim 4. whe 
orinosllicon compound is a tetraaikoxysiJane compoun.. 

t:?!^:::^^^^^ e^s inU".o::s 

acids. 

carboxylic acid ester or an aromatic carboxylic acid ester. 

nf Claims 1 to 5. wherein the ester 

(b). and (c) are phthalic acid diesters. 

anx/ Of Claims 1 to 9, wherein the organonnag- 
0. The a-ole.ln polymerisation catalyst ^vstem acpord.r^g to ^^^^^ genera, formula R«MgX in which R» 
nesium compound is a Grignard compound '^^'l^'^^ ^.^^ and X is a halogen atom, or a 
represents a hydrocarbon ^^^^'ZZ corSpound represented by the general formula 

dialkylmagnesium compound or ^f/y^resems T hydrocarbon group having 1 to 20 carbon atoms. 
FPR'^Mg in which each of R' and R represents a y 

nf Claims 1 to 10. wherein the or- 
,1. The a-olenn polymerization catalyst -vstern acc-^^^^^^^^^ a y of C a^^^^ ^ 

ganoaluminum compound (B) is ^.f '^P''""''^ '^^'^"^"^^^^^^ group having 1 to 20 carbon atoms. Y 
b^::::^^^:^^ aC .ouplnd . represents a numeral sa«sfying 



represents a 
2 ^ T ^ 3 
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• r^i-ism 11 wherein the organoaluminum 

alkylaluminoxane. 

na. The a-o.efin poiymerization «'^'V^' ^V^^'^/o'^tr^O^ 
the organoaluminum compound (B) used is u.o lo . 
solid cataiyst component (A). 

an organosilicon compound represented ^^^^^^'1^^^, ^ hydrogen atom. R" represents a 
sents'a hydrocarbon group having 1 to 20 carbon ^"'^.'"JX ditterent from each other in ,he 
hydrocarbon group having 1 to 20 carbon atoms-R and R may 
same molecute. and n represents a numeral sat.sfy.ng 0 i n S 4. 

riaim 1S wherein the organosilicon com- 
16. The «-ole.in polymerization ^^'^^y^';^^^""^'^^^^^^^ which R- represents a hydrocarbon 

pound is represented by the general '^Z,^" " J^^^^^ ,o Si is secondary or tertiary. R» 

Tp^ n h^y^— rpTair-S «r :Ls a^d R^* represents a hydrocarbon group 
having l to 20 carbon atoms. 
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17. A process for producing an a-olefin polymer which comprises the steps of: 

(1 ) preparing a trivalent titanium compound-containing solid catalyst component by 

reducing a titanium compound, represented by the general formula Ti(OR^)a>Ct-a in which 
represents a hydrocarbon group having 1 to 20 carbon atoms; X represents a halogen atom; and a 

5 represents a numeral satisfying 0 < a ^ 4, with an organomagnesium compound in the presence of 

Si-0 bond-containing organosilicon compound and an ester compound (a) to obtain a solid product, 
treating the solid product with an ester compound (b) to obtain an ester-treated solid product, and 
treating the ester-treated solid product with a mixture of an ether compound and titanium tetrachlo- 
ride or a mixture of an ether compound, titanium tetrachloride and an ester compound (o), wherein 

10 the ester compounds (a), (b). and (c) may be the same or different from one another to obtain (A) a 

trivalent titanium compound-containing solid catalyst component and 

(2) homopolymerizing or copolymerizing at least one o-olefin in the co-presence of (A). (B) an 
orgnaoaluminum compound, and (C) an electron donative compound. 

75 18. The process for producing an cr-olefin polymer according to claim 17 wherein said at least one a>olefin 
has 3 or more carbon atoms. 

19. A trivalent titanium compound-containing solid catalyst component for an o-oIefln polymerization 
catalyst system obtainable by: 

20 reducing a titanium compound, represented by the general formula Ti(0R^)aX4-a in which represents 

a hydrocarbon group having 1 to 20 carbon atoms; X represents a halogen atom; and a represents a 
numeral satisfying 0 < a ^ 4. with an organomagnesium compound in the presence of Si-O bond- 
containing organosilicon compound and an ester compound (a) to obtain a solid product, treating the 
solid product with an ester compound (b) to obtain an ester-treated solid product, and treating the 

25 ester-treated solid product with a mixture of an ether compound and titanium tetrachloride or a mixture 
of an ether compound, titanium tetrachloride and an ester compound (c), wherein the ester compounds 
(a), (b), and <c) may be the same or different from one another. 

20. A process for preparing a trivalent titanium compound-containing solid catalyst component for an a- 
30 olefin polymerization catalyst system which comprising the steps of: 

reducing a titanium compound, represented by the general formula Ti(0R^)aX4-a in which represents 
a hydrocarbon group having 1 to 20 carbon atoms; X represents a halogen atom; and a represents a 
numeral satisfying 0 < a ^ 4, with an organomagnesium compound in the presence of Si-O bond- 
containing organosilicon compound and an ester compound (a) to obtain a solid product, treating the 
35 solid product with an ester compound (b) to obtain an ester-treated solid product, and treating the 

ester-treated solid product with a mixture of an ether compound and titanium tetrachloride or a mixture 
of an ether compound, titanium tetrachloride and an ester compound (c), wherein the ester compounds 
(a), (b). and (c) may be the same or different from one another. 

40 21. The process for preparing a trivalent titanium compound-containing solid catalyst component according 
to claim 20. wherein the step of reducing the titanium compound comprises; 

forming a mixture of the titanium compound, the organosilicon compound* and the ester compound (a) 
and adding the organomagnesium compound to the mixture. 

45 22. The process for preparing a trivalent titanium compound-containing solid catalyst component according 
to Claim 20 or 21, wherein the molar ratio of the organosilicon compound to the titanium compound 
falls within the range of from 5:1 to 25:1, the molar ratio of the ester compound (a) to the titanium 
compound falls within the range of from 0.2:1 to 3:1, and the molar ratio of the sum of the titanium 
compound and the organosilicon compound to the organomagnesium compound falls within the range 

50 of from 0.5:1 to 2.0:1. 

23. The process for preparing a trivalent titanium compound-containing solid catalyst component according 
to claim 20. wherein the step of treating the ester-treated solid product comprises; previously preparing 
a mixture of the ether compound and titanium tetrachloride to obtain the previously preparing mixture 
55 and adding the previously prepared mixture of the ether compound and titanium tetrachloride to the 

ester-treated solid product. 
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24 The orocess for preparing a trivalent titanium compound-containing solid catalyst «":"P°"®"' ^^"'f;"^ 
to cEo wherein the molar ratio of the ether compound to the titanium contained *e ester-t eated 
il^^pToducrfalls within the range of from 1:1 to 20:1. the molar ratio <'';;'-'7 '^'1^^^^^^^^ 
manium contained in the ester-treated solid product falls within the range of '^"^ ' f;^^ t° 3°ai and the 
mo^TatSof titanium tetrachloride to the ether compound falls within the range of from 2:1 to 50.1. 
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